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INTRODUCTION 
A knowledge of the extent to which the various tissues of the body 
participate in the acquired resistance which develops during the course 
of syphilitic infection is essential to our understanding of the mecha- 
nism of the syphilis-resistant state.  It is well known that the specific 
resistance  which develops in  rabbits  that  have  been infected with 
syphilis is not a property of any one tissue of the host but is shared 
by other tissues as well, although to a variable extent.  Thus the skin 
certainly acquires a  fairly high degree of resistance to syphilitic in- 
fection and so also the bones (1).  In the case of the eye, however, 
the situation appears to be different, but.the evidence on this point 
is conflicting and has given rise to some confusion.  In this connection 
three  fundamental  questions  present  themselves.  First,  to  what 
extent does the eye participate in the general resistance which de- 
velops during the course of syphilitic infection; second, will a primary 
focus of syphilitic infection in the eye give rise to a general resistance 
to the infection such as develops when the primary focus is located 
in other tissues; and third, does an ocular syphilitic lesion produce a 
local  immunity to  syphilis  in  the  affected  eye?  The  experiments 
reported in this communication were designed to throw light on the 
first of these questions; we hope to present data on the other two in a 
subsequent communication. 
* This  work  was  aided  in  part  by  a  grant  from  the  Winthrop  Chemical 
Company. 
** Parke, Davis and Company, Fellow in Medicine. 
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Several  investigators  have  interested  themselves in  the  general 
problem of the relation of the eye to immunity in syphilis, and have 
approached it from the experimental standpoint, but as yet there is 
no  unanimity in  the  results  which  have  been  reported.  In  any 
evaluation of  experiments dealing with  immunity in  syphilis  it  is 
necessary to take into account certain factors such as the duration 
of the infection at the time the second inoculation is made, whether 
or not treatment has been given prior to reinoculation, whether or not 
the virus used for the second inoculation belongs to the same strain 
or to  a  different strain  of treponemes, and,  finally, the method of 
reinoculation.  Unless due allowance is made for all of these factors 
erroneous interpretations may easily be made, and it may be profit- 
able,  therefore, to consider these factors in some detail  before pre- 
senting our experimental data. 
The duration of the first infection at the time the second inoculation 
is carried out is important because it has a distinct bearing upon the 
response of the animal to the second infection.  It is now well es- 
tablished that an appreciable amount of time must elapse before the 
host acquires an effective resistance against syphilitic infection.  In 
the rabbit the time required is somewhere between 45  and 90 days 
following  infection.  Second inoculations of  syphilitic rabbits  with 
homologous strains of Treponema pallidum, carried out prior to the 
45th  day of  the  infection, are  followed by  second infections with 
lesions,  while second inoculations made after the 90th day are not 
followed by second infections with lesions.  It is evident, therefore, 
that at some time between the 45th and the 90th day of the infection 
the acquired resistance of the syphilitic rabbit reaches the level where 
it protects the animal against a second attack of the disease; it follows 
from this  fact that  reinoculation experiments designed to  test  the 
acquired immunity of any tissue of the rabbit should not be carried 
out until after the 90th day of the infection.  If they are performed 
before that  time they are of no value for that particular purpose. 
The question whether or not the animal has been treated prior to 
the second inoculation, and the time at which such treatment was 
instituted, has also to be taken into consideration because it has been 
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to the 45th day of the infection leaves the animal completely sus- 
ceptible to a second infection, whereas if treatment is postponed until 
after the 90th day the resistance which has been built up during the 
preceding period is not abolished by treatment but persists for some 
time thereafter and is sufficient to protect the animal against a second 
attack of the disease.  It is clear from this fact that reinoculation 
experiments carried out on rabbits treated before the 90th day of the 
disease cannot be taken into consideration in determining whether or 
not particular tissues of those animals,  such as the cornea,  are  re- 
fractory to  a  second inoculation of syphilitic virus.  Attention can 
only be paid to those reinoculation experiments in which treatment is 
begun after the 90th day of the infection. 
The identity of the strain used for the second inoculation must also 
be taken into consideration in evaluating all experiments dealing with 
immunity in syphilis because it has been demonstrated that the re- 
sistance which is acquired by rabbits during the course of a syphilitic 
infection  is  largely  effective  against  the  homologous strain  of  T. 
pallidum and  not  against  heterologous  strains  of  that  organism. 
Accordingly, all experiments in which heterologous strains are used 
for reinoculation must be excluded if one is seeking to determine the 
participation of this or that particular tissue in the immune reaction 
of the rabbit. 
Since in this instance we are  seeking to ascertain the results ob- 
tained with a  particular method of reinoculation (intraocular),  ob- 
viously,  for  the  sake  of  comparison,  we  need  consider only  those 
reinoculation experiments in which that particular method has been 
employed.  The experiments of that sort which have been reported 
in the literature have been analyzed by us, keeping in mind the points 
mentioned previously, namely, time of reinoculation, time of treat- 
ment, and identity of the strain used for reinoculation.  On the basis 
of what is known about immunity in syphilis, as set forth above, we 
felt impelled to exclude from consideration all those experiments in 
which reinoculation was performed before  the 90th  day of the in- 
fection, as well as those in which the strain of syphilitic virus used 
for reinoculation was different from the one used for the first inocula- 
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tion of syphilitic rabbits that have been reported in the literature were 
subjected to such  criteria,  some of them  had  to be rejected.  Those 
that met the criteria satisfactorily are summarized in Tables I  and II. 
TABLE  I 
Summary of Results of Ocular Reinoculation of Untreated Sypkilitic Rabbits Carried 
Out 90 Days or More after the First rnoculation 
First inoculation scrotal or testicular, second inoculation ocular. 
Author 
Frei (2) .............. 
Adachi (3) ............ 
Frei and Hahn  (4) ..... 
Breinl (5)  ............. 
Interval between 1st 
and 2nd inoculation 
I 
Y2-1½ yrs.  I  4  -- 
95-361 days  I  9  2 
3½ mos.-2 yrs.  '  5  2 
5  mos.  --  -- 
Results  of 2nd inoculation 
!  Positive  Doubtful  Negative 
Total ................................  T 
22 
15 
7 
5 
49 
Po~tive 
per ¢~ 
15.4 
34.6 
35.7 
0 
36 
TABLE  II 
Summary of Results of Ocular Reinoculation of Syphilitic Rabbits Given Anti- 
syphilitic  Treatment 90 Days or More after the First Inoculation 
First inoculation scrotal or testicular, second inoculation ocular. 
Interval between 1st 
Author  inoculation and 
treatment 
Tomasczewski (6) ..............  90-105 days 
Uhlenhuth and Mulzer (7) .....  ..  119 days 
Frei (2) ......................  7 mos.-2t yrs. 
Adachi (3) ....................  120-363  days 
Mulzer and Nothhaas (8) .......  105-271  days 
Gaibissi (9) ...................  5-13 mos. 
Total ........................................ 
Results of 2nd inoculation 
Positive  Doubtful  ~'egative 
5  :  2 
2 
3  20 
0  2  7 
!  4 
22  3  40 
Positive 
per ~ 
71 
0 
13 
0 
54 
61 
55 
It  is evident from the  data  presented in these  tables that  there is 
no  unanimity  in  the  results obtained  by  the  different  investigators. 
Nor is it clear from the protocols of their experiments why there should 
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in the results obtained by other workers we have thought it advisable 
to  carry out  some  experiments  along the  same  lines  under  standard 
conditions and with a single strain of T. paUidum that has become well 
adapted  to  the  rabbit  through  propagation  in  that  species  over  a 
period  of years.  The  purpose  of  this  communication  is  to  present 
the  results  of  those  experiments, z 
Technique 
Inoculum.--The Nichols strain of T. paUidum was used in all experiments, both 
for primary inoculations and for reinoculations.  Virus emulsions in physiological 
salt  solution, prepared by grinding syphilitic testicular  lesions in a  mortar and 
centrifuging the emulsion to throw down the larger tissue particles constituted the 
inoculum in every instance. 
Treatment.--All test animals were given 5 intravenous injections of arsphena- 
mine.  Each dose was 20 rag. per kg., and the drug was given at intervals of one 
week.  Treatment  was  begun  from  163  to  217  days  after  the  first  infection. 
Intracomeal  Inoculation.--Under  ether  anesthesia,  an  eye  speculum  was 
placed beneath the lids and nictitating membrane, and the episclera was grasped 
above with fixation forceps.  Using a No. 26 gauge needle and a tuberculin syringe, 
the needle was thrust between the lamellae of the cornea until the bevel was fully 
in the corneal parenchyma, and an intracorneal injection of 0.1 cc. of the virus was 
made, care being taken not to enter the anterior chamber.  The injected material 
spread out as an opaque film between the layers of the cornea and covered as a 
rule  about  two-thirds  of that  structure.  Occasionally,  there  was  either  some 
tearing of the conjunctiva with  deposition of the virus on the torn surface, or 
accidental puncture of the anterior chamber, with deposition of the virus in the 
anterior chamber. 
The eyes of the animals were examined twice weekly for the first 6 months, and 
once weekly  thereafter,  and  the  reactions  occurring were  carefully noted.  In 
recording the severity of the reactions a numerical system was used.  The degree 
of ciliary inflammation, of corneal reaction, and of the inflammatory reaction in 
the iris were each given a numerical rating.  The extreme reactions were noted as 
4, and the less extensive reactions given a correspondingly smaller number.  The 
total reaction in the eye was recorded as the sum of the individual reactions.  In 
none of the animals were reactions in the vitreous, orbit or fundus noted. 
Cutaneous Inoculation.--All injections to test the susceptibility of the skin were 
made by intracutaneous inoculations, in shaved areas on the back, of 0.1 cc. of the 
virus emulsion. 
t In carrying out the experiments we were assisted by Dr. Alexander H. Davis, 
Dr. Joseph Goodman, and Dr. Walter Beckh, and we wish to acknowledge our 
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Animals.--The  rabbits used belonged to all the commoner breeds, and were not 
limited to any particular variety. 
EXPERIMENTS 
Experiment 1.--12 rabbits were inoculated intracutaneously on the back with 
active syphilitic virus and in all of them characteristic lesions developed at the 
site of inoculation.  Treatment was begun 163 days after the inoculation.  Second 
inoculations were carried out on the surviving 11 animals 337 days after the first 
inoculation, or 143 days after the last dose of arsphenamine.  Into the left cornea 
of each of these animals was injected 0.1 cc. of active syphilitic virus emulsion,  and 
into the right cornea an equal amount of an emulsion prepared from a normal 
rabbit  testis.  12 normal rabbits were inoculated intracorneaUy with the same 
syphilitic virus in the left eye and with the same normal rabbit testis emulsion in 
the right  eye.  Of these,  two died prematurely so  that only 10 remained for 
comparison with the test animals.  The results of the experiment are shown in 
Table III. 
It will be seen from Table III that in the corneas of 9  of the  10 
normal animals inoculated with syphilitic virus characteristic syphi- 
litic lesions developed within the  customary incubation period.  In 
6 of the 11  "immune" animals characteristic syphilitic lesions made 
their appearance in the eye inoculated with living virus.  In none of 
the  eyes  inoculated  with  the  normal  testicular  emulsion  did  any 
lesions develop other  than  an  immediate reaction which  promptly 
subsided. 
The  average  incubation period  of  the  lesions  developing  in  the 
"immune" group was slightly greater than that of the control group, 
but once they had made their appearance the lesions in the eyes of 
the  supposedly  immune  animals  persisted  for  a  longer  time,  and 
showed a  marked tendency toward recurrence. 
The  character  of  the  corneal  lesions  which  developed  after  the 
intracorneal injection of syphilitic virus was essentially the same in 
both the normal and in the "immune" rabbits.  There was usually 
first a  faint superficial vascular invasion coming in from the limbus 
(Fig.  1).  In some rabbits this quickly disappeared, while in others 
it persisted and became part of the general ocular picture.  After an 
incubation period of varying length, the keratitis as a  rule took one 
of four courses.  The first type observed consisted of an increase in 
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infiltration of the cornea (Figs. 3 and 4).  The early infiltrates in the 
cornea frequently had no relation to the actual site of injection.  At 
times they appeared 3 to 4 mm. away from the site of injection, while 
TABLE  HI 
Reinoculation  of Eyes of Treated Syphilitic Rabbits 
First inoculation intracutaneous,  second inoculation intracorneal.  Treatment 
begun 163 days after first inoculation.  Second inoculation 143 days after com- 
pletion of treatment. 
Control 
group 
38-03 
Immune 
group 
Control 
group 
Immune 
group 
Rabbit 
No. 
38-28 
38-22 
38-20 
37-96 
37-46 
37-42 
37,-43 
37-47 
38-27 
37-94 
40-34 
40-36 
40-37 
40-41 
40-42 
40-44 
40-45 
40-38 
40-39 
40.-47 
Occu  IMax  I 
renc(  ncu-  mum  in-  Duration of 
of  ation  tensity 
lesiox  eriod  of eye  eye lesion 
lesion 
tays  mos. 
Pos.  [03  7  26 
'¢  89  7  2 
"  30  8  Eye enucleated 
"  36  8  6 
"  [08  5½  1½ 
"  30  8  20 
Neg.  --  --  -- 
cc 
c~ 
Pos.  L30  5  2½ 
"  89  7  4½ 
"  89  9 
"  67  7  5 
"  53  5 
"  29  6  4 
Neg.  --  -- 
Pos.  15  7  4~ 
"  ?  7  6 
"  29  8  19 
11  ani-  [6pos.  66 ave. 
mals  5 neg. 
I0 ani-  9 pos.  62 ave. 
reals  1 neg. 
7.2 ave. 
6.8 ave. 
Summary 
11.1 
5.1 
Recurrence 
of eye lesion 
0 
4 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
2 
0 
0 
Occurrence of 
metastatic 
eye lesions 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
Total 
period of 
observa- 
tions 
mo$. 
26 
15 
11 
15 
24 
26 
5 
6 
4 
24 
26 
26 
37 
15 
49 
49 
18 
44 
49 
24 
32 
In 3 animals  None 
In 3 animals  In 3 animals 
16.5 ave. 
34.3 ave. 
in other animals the first infiltrates appeared exactly at the site of the 
corneal puncture.  The  vascular invasion  at  first was entirely  from 
the superficial conjunctival vessels, but about 3 months after inocula- 
tion  deep  vascular  invasion  occurred  from  the  perforating  vessels. 170  RELATION  OF  EYE  TO  IMMUNITY  IN  SYPHILIS 
The picture gradually progressed to a  typical generalized interstitial 
keratitis--ciliary  congestion and  hazy  infiltrated  cornea,  becoming 
almost opaque, associated with vascular invasion of the cornea, both 
deep and  superficial  (Fig.  5).  There was  frequently an  associated 
iritis,  with contraction of the pupil, marked dilatation of the iridic 
vessels, and occasionally a  transitory hypopyon (Fig. 6).  The iritis 
was usually evanescent and recurring in character, the attack rarely 
persisting over one week.  This type of reaction represented approx- 
imately 40 per cent of the ocular lesions of both normal and immune 
animals. 
The second type of lesion consisted of a yellowish, elevated nodule 
appearing usually at  the limbus  (Fig. 7).  Following the appearance 
of this nodule, diffuse infiltration developed in the adjacent cornea and 
within 2 weeks the picture was one of generalized interstitial keratitis, 
the lesion apparently spreading out from the primary corneal nodule 
(Fig.  8).  With  the exception of the nodule, the final picture was 
similar to the keratitis in the first type of reaction, the general picture 
consisting of the yellowish, elevated nodule at  the limbus together 
with  ciliary  congestion, hazy,  infiltrated,  steamy  cornea,  and  fre- 
quent short attacks of iritis--similar  to  those already noted.  Ap- 
proximately 50 per cent of the rabbits exhibited this type of ocular 
reaction. 
The third type of lesion was similar to the second, with the excep- 
tion that the yellowish, elevated papule was  situated in the center 
of the cornea.  There was associated ciliary  congestion and a  rapid 
spread of the keratitis until over two-thirds of the cornea was involved 
(Fig. 9).  As this central type of lesion progressed, there was some 
weakening of the central cornea with the formation of a  low grade 
corneal staphyloma, which flattened out as the lesion subsided.  This 
type of reaction was observed in 4, or approximately 7 per cent, of 
the rabbits injected. 
The last  type of reaction likewise occurred in  the  center of the 
cornea and consisted of a  gradually developing deep  central haze. 
In one rabbit this had the appearance of a  deep punctate keratitis, 
while in 2 others the central infiltration was uniform.  There was a re- 
markable absence of  both ciliary congestion and  corneal  vasculari- 
zation.  This peculiar avascular reaction was observed in 2 normal 
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In  two  rabbits,  in  which  the  anterior chamber  was  accidentally 
punctured, the low grade iritis was complicated by the appearance of 
small whitish nodules at the pupillary border, similar in appearance 
to the syphilitic papules occasionally observed clinically in syphilitic 
iritis. 
The only ocular complication of any note observed was the develop- 
ment of glaucoma with buphthalmos in 4  rabbits.  This was in no 
way  different  from  the  glaucoma  and  buphthalmos  occasionally 
observed in non-syphilitic experimental ocular lesions in the rabbit, 
and its possible relation to syphilis has already been  discussed in a 
report by Beckh (10). 
The course of the lesions in the two groups was essentially the same, 
except that in the immune group  the lesions tended to recur more 
often than in the normal group.  The high percentage of successful 
second inoculations encountered in the corneas of supposedly immune 
animals led us  to  carry out another experiment along similar lines 
except  that  in  this  experiment reinoculations were made simultane- 
ously into one cornea and  the skin of  the back of each of  the  test 
animals.  These  intracutaneous  inoculations  were  added  in  order 
to  determine  whether  or  not  the  test  animals  were  "immune" to 
,syphilis as judged by direct inoculation into the skin.  The details 
of the experiment follow. 
Experiment 2.--A series of  25 rabbits was  inoculated intratesticularly with 
active syphilitic virus.  In all of them characteristic orchitis developed.  All were 
treated with arsphenamine, treatment being commenced 170 days after the first 
inoculation.  Of this series 14 animals survived and were available for reinocula- 
tion which was carried out 344 days after the first inoculation and 140 days after 
treatment  was completed.  Reinoculations were made by inoculating 0.1 cc. of 
virus emulsion into one cornea and a like amount intracutaneously in a shaved 
area in the lumbar region.  For controls 16 normal animals were inoculated in the 
same way with the same virus.  Of those, 15 survived.  The results of this experi- 
ment are shown in Table IV. 
As will be seen from the table, all of the test animals were refractory 
to a  second inoculation of homologous virus inoculated into the skin 
but in 9  of them syphilitic lesions developed in the cornea after an 
incubation period  which was  twice  as  long  as  that  of  the  corneal 
lesions in the normal animals.  The corneal lesions developing in the 
test animals in this experiment were of shorter duration, on an average, 172  RELATION  OF  EYE  TO  IMMUNITY  IN  SYPHILIS 
TABLE  IV 
Simultaneous Reinoculation of Eyes and Skin of Treated Syphilitic Rabbits 
First  inoculation intratesticular,  second  inoculation intracorneal and  intra- 
cutaneous.  Treatment 170 days after first inoculation.  Reinoculation 140 days 
after completion of treatment. 
Immune 
group 
Control 
group 
Immune 
group 
Control 
group 
~.abbit 
No. 
43-09 
43-28 
43-13 
43-17 
43-24 
43-34 
43-35 
43-27 
43-45 
43-16 
4~-18 
43-20 
43-25 
43-21 
45-64 
45-65 
45-67 
45-68 
45-70 
45-71 
45-72 
45-73 
45-74 
45-76  ! 
43-77  i 
45-78 
45-80 
45-36 
45-66 
14 ani- 
mals 
13  ani- 
mals 
Result of 
reinoculation 
Incubation  r unll 
period  inten- 
sity of 
eye 
Skin  Eye  Skin  lesion 
I -- 
Neg.  28  1  0 
"  33  0 
"  156  0 
124  0 
180  0 
33  0 
144  0 
151  0 
180  0 
0  0 
0  0 
0  0 
0  0 
0  0 
P  45  21 
28  21 
187  13 
28  21 
36  13 
41  13 
73  13 
14  28 
34  28 
48  13 
34  21 
28  21 
152  13 
152  21 
34  21 
9 pos. 
5 neg. 
15pos. 
0 neg. 
0 pos. 
14 neg. 
15 pos. 
0 neg. 
Summary 
11462 ave.aVe" 17.6~ve. 
ty I 
eye 
7  4½ 
3  N 
7  1 
2½  1 
1t  ? 
0  0 
0  0 
0  0 
0  0 
0  0 
7 
1  N 
7  7t 
4  1 
6  9 
3  9 
6  9 
2  8 
5  ~ 
7  7½ 
s  7½ 
2  4 
2t  6 
g  8 
3.7 
Occur- 
Recur-  rence of  Total 
fence  meta-  period of 
of eye  static  observa- 
lesion  eye  tion 
lesions 
mo$. 
f 
1  0  13~ 
0  0  13~ 
0  0  13  t 
2  0  13  t 
1  0  13  t 
0  0  13  I 
0  0  13 
0  0  5 
1  0  13  t 
0  1  10 
0  0  13t 
0  0  3t 
0  0  11 
0  0  13~ 
1  0  10 
0  0  9  l 
0  1  12 
0  0  12~ 
1  0  12~ 
0  0  12~ 
0  0  12~ 
0  0  12~ 
0  0  8 
2  0  12~ 
0  0  12~t 
1  0  12~ 
o  0  124  ~ 
0  0  12¼ 
0  0  12~t 
4  5  1  12 ave. 
6~  5  1  12 ave. 
than  those which developed in  the  control animals,  although  a  few 
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This experiment reveals clearly the difference in the extent to which 
the two tissues, cornea and skin, share in the refractory state which 
develops in rabbits during the course of syphilitic infection, when the 
test is made by reinoculating treated animals simultaneously in both 
the  cornea  and  the  skin.  Under  the  circumstances  the  cornea  is 
clearly less refractory than the skin and must be assumed, therefore, 
to share to a lesser extent in the immune process. 
In some of the experiments recorded in the literature the reinocula- 
tions have been made into the anterior chamber instead of the cornea. 
In an experiment carried out by one of us in association with Turner, 
which has never been reported in full but has been referred to else- 
where (11), 4 treated "immune" rabbits reinoculated with homologous 
virus by injection into the anterior chamber failed to show any lesions 
in the eyes.  This result made it seem advisable to carry out a similar 
experiment on a  larger scale in order to determine if the method of 
ocular inoculation might play a  r61e in the occurrence or non-occur- 
rence  of lesions in  the "immune" animals.  Accordingly in a  third 
experiment this question was put to the test. 
Experiment 3.--A  series of  20  rabbits was  inoculated intratesticularly with 
active syphilitic virus.  In all of them  characteristic orchitis developed.  All 
were treated with arsphenamine, treatment being commenced  217 days after the 
first inoculation.  Of this series 18 animals survived.  These  were reinoculated 
into the anterior chamber 363 days after the first infection and 146 days after the 
last dose of arsphenamine was administered.  The aqueous was removed with a 
hypodermic syringe under ether anesthesia and then replaced by 0.1  cc. of the 
virus emulsion,  the needle  being left in place and the syringes  shifted.  The results 
of this experiment are shown in Table V. 
As will be seen from Table V, lesions developed in the eye in 15 of 
the 18 normal animals and in 12 of the 18 test animals.  The average 
incubation period of the lesions in the supposedly immune animals 
was about three times as great as that of the lesions in the control 
animals, while the duration of  the  lesions in  the  test  animals was 
distinctly less  than  that  in  the  controls.  It  is  evident  from  this 
experiment that the resistance of the supposedly immune animals to 
a second inoculation of homologous virus introduced into the anterior 
chamber was lacking in a  very high proportion of the animals. TABLE  V 
Reinoculation  of  Anterior  Chamber of  Treated Syphilitic  Rabbits 
First  inoculation  intmtesticular,  second  inoculation  into  anterior  chamber. 
Treatment begun 217 days after inoculation.  Second inoculation 112 days after 
completion of treatment. 
Immune 
group 
Control 
group 
Immune 
group 
Control 
group 
Rabbi 
No, 
45-53 
45-88 
45-89 
45-92 
45-96 
46-10 
46-11 
46-13 
46-14 
46-16 
46-17 
46-18 
46-19 
46-21 
46-22 
46-23 
46-24 
46-25 
48-70 
48-69 
48-23 
48-71 
48-72 
48-73 
48-74 
48-32 
48-33 
48-11 
48-35 
48-36 
48-37 
48-38 
48-39 
48-42 
48-45 
48-40 
18 
ani- 
mals 
18 
ani- 
mals 
Occurrence 
of eye lesion 
15 pos. 
3 neg. 
Neg. 
Pos.  76 
"  97 
9O 
53 
76 
61 
39 
97 
32 
41 
53 
53 
26 
27 
21  6 
19  7 
19  6 
19  5 
19  3 
Neg.  --  -- 
19  9 
27  4 
41  3 
32  5 
19  5 
27  8 
Neg.  --  -- 
34  4 
27  2 
Summary 
12 pos.  72 ave.  5 
6 neg. 
25 ave.  5.2 
Maxi* 
*i  n  mum  Duration  I 
t~o  [intensity  [  of  eye  ] 
~  J  of  eye  J  lesion 
2-1--]~  ] 
5  3~ 
5  21 
8  2 
3  1½ 
5  N 
5  2 
3  N 
7  3 
5  2½ 
4  2½ 
6  3t 
3t 
4~ 
4~ 
3~ 
3~ 
2t 
N 
3 
2½ 
4 
4~ 
4 
4 
3t 
2  aVe. 
3~ ave. 
Occur- 
Recur-  rence o: 
rence ol  meta- 
e~e  static 
ieslon  eye 
lesions 
0  0 
0  0 
0  0 
I  0 
0  0 
0  0 
0  0 
0  0 
I  0 
0  0 
0  0 
I  0 
0  0 
0  0 
0  0 
0  0 
1  0 
0  0 
0  0 
0  0 
0  0 
0  0 
i  0 
0  0 
0  0 
0  0 
I  0 
0  0 
0  0 
0  0 
0  0 
I  0 
0 
0 
Total 
period of 
of obser- 
vation 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
7 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
10 
12 
12 
12 
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DISCUSSION 
These experiments demonstrate that in the rabbit the cornea does 
not share  to  the  same extent that other tissues,  notably the  skin, 
share in the acquired resistance which develops during the course of 
syphilitic infection.  In  some of  the  animals  the  cornea  seems  to 
achieve complete protection against homologous strains of T. palUdum 
but in the majority of cases it does not do so, although a considerable 
lengthening of the incubation period was observed in  most of the 
"immune" animals in which a lesion developed in the cornea following 
reinoculation.  This prolongation of the incubation period is doubt- 
less the expression of a slight amount of resistance which the cornea 
acquired, but it must represent a small amount indeed. 
In both the normal and the "immune" groups immediate reactions 
were observed at the site of inoculation, due to the injection of for- 
eign material, but these immediate reactions in the test animals were 
not .more violent than those occurring in the control animals, nor was 
any  tendency to  accelerated  reaction  observed  in  the  test  group. 
There is no evidence in these experiments, therefore, to indicate that 
the corneas of the "immune" rabbits were allergic to syphilitic virus. 
The results of these experiments offer a  possible explanation for 
the well established clinical observation that the interstitial keratitis 
of congenital syphilis is prone to recur in patients with that condition. 
On  the  basis  of  the  behavior of rabbits  one might infer  that  this 
tendency to recur is due to failure of the cornea of the patient with 
congenital syphilis to participate in the general defense reaction against 
the infection.  Such an inference would suflfce to explain the tendency 
of such patients to  show repeated  relapses of  interstitial keratitis, 
but would not explain the  fact that  this condition is singularly re- 
sistant to antisyphilitic treatment.  Some ophthalmologists, notably 
Igersheimer and Derby, have sought to explain the proneness of inter- 
stitial keratitis to relapse on the basis of allergy, and have supposed 
that the corneas of such patients become allergic to the treponemes 
or their products.  The experiments reported in tl~is communication 
lend no support to this view.  Furthermore attempts made by us to 
sensitize the corneas of normal rabbits to T. palUdum by the prelim- 
inary injection of killed suspensions of that organism were entirely 
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demonstrated in the macerated corneas of the test animals  in which 
lesions developed.  There is therefore no need and indeed no ground 
for invoking  a  state of allergy to explain the findings in rabbits.  It 
is possible, of course, that the situation may be quite different in man, 
and  that  the  human  cornea  under  certain  conditions  may  become 
allergic to the treponemes of syphilis or their products, but there is 
no direct evidence that such is the case, and it is certainly not neces- 
sary  to  assume  that  interstitial  keratitis  is  due  to  anything  other 
than the invasion of a susceptible tissue by the organisms themselves. 
That  the  treponemes may invade  the  cornea in  cases of  congenital 
syphilis has been proved in one case by Igersheimer who succeeded 
in demonstrating them in the cornea of a  14 year old girl with congen- 
ital syphilis.  It is obvious that there is not likely to be a large enough 
series of such observations to give us an inkling as to whether such a 
result is the exception or the rule. 
We are not in  a  position to offer a  satisfactory explanation  as to 
why the  cornea  of  the  syphilitic  rabbit  should  be  so much less  re- 
fractory to a  second inoculation of syphilitic virus than other tissues 
such as the skin,  for example.  One instantly  thinks  of the absence 
of a blood supply as a possible explanation for the failure to share in 
the general resistant state.  It may well be that owing to this absence 
of a  blood Supply the corneal cells either do not receive an antigenic 
stimulus which is sufficient to cause them to become immune them- 
selves,  or  that  they  do  not  receive from  the  circulation  enough  of 
the hypothetical syphilis antibody to endow them with resistance to 
syphilitic virus, but it is not possible at the present time to say which 
of these two explanations is the correct one, and  it will be necessary 
to  accumulate  more  data before we shall be in  a  position to judge 
between  them. 
SUMMA.RY  AND  CONCLUSIONS 
Three experiments are reported in which an attempt has been made 
to determine the extent to which the eye participates  in the general 
resistance  which  develops in  rabbits  during  the  course of syphilitic 
infection.  Rabbits treated with arsphenamine  well after the period 
when  they  would  be  expected  to  be  immune  to  intratesticular  or 
intracutaneous  inoculations  were  reinoculated  with  the  homologous A.  ~vr. CttESN'EY~ A.  C.  WOODS, AND  A.  D.  CAMPBELL  177 
strain  of  T.  pallidum,  the  organisms  being injected  into  either  the 
cornea  itself  or  the  anterior  chamber.  Altogether  in  the  three  ex- 
periments 43 presumably immune animals were injected, 25 into the 
cornea itself and  18 into  the  anterior  chamber.  41  normal  animals 
were  used  as  controls.  In  the  Jr"r"une  animals  27  or  62  per  cent 
showed lesions in the cornea.  14 of the 43 test animals were inocu- 
lated  simultaneously in  the cornea and in the skin of the back.  In 
9 of these 14, lesions developed in the cornea although no lesions de- 
veloped in the skin. 
The lesions developing in the corneas of the "immune" animals had 
a longer incubation period on the average, were often of longer dura- 
tion, and in some instances were more severe than the lesions develop- 
ing in the control animals.  In the case of some animals,  also, they 
showed  a  greater  tendency  to  recur.  The  Jr.mediate  reactions  in 
both the normal and the "immune" animals were entirely comparable 
and  there  was  no  evidence  of  an  accelerated  reaction  in  the  test 
animals. 
It is concluded that the  eye of the syphilitic  rabbit does not  share 
to the same extent as other tissues in the general resistant state which 
develops  in  that  animal  during  the  course  of  syphilitic  infection. 
Possible explanations for this findi,ug are discussed. 
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EXPLANATION  OF PLATES 
These figures  are  designed to be  viewed with the standard Bausch and Lomb 
hand stereoscope. 
PLATE 9 
FIG. I. Initial  vascular invasion  of the cornea from superficial  conjunctival 
vessels. 
FIG.  2.  More marked vascular invasion of the cornea. 
FIG.  3.  Early infiltration of the cornea. 
FIG.  4.  More advanced infiltration of the cornea. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL. 69  PLATE 9 
(Che~ney  ct al.:  Relation of eye to immunity in syphilis) PLATE 10 
FIG. 5.  Early interstitial inflammation of the cornea. 
FIG. 6. Advanced interstitial keratitis with iritis. 
FIG.  7. Initial syphilitic nodule at the limhus. 
FIG. 8. Keratitis spreading out from the primary corneal nodule. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 69  PLATE 10 
(Chesney et al.:  Relation of eye to immunity in syphilis) PLATE 11 
FIG. 9. Advanced interstitial keratitis with iritis. 
FIG.  10. Central corneal infiltration without vascularization THE JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL, 69  PLATE 11 
(Che_~ney et al.:  Relation  oi eye to immunity in syphilis) 